Background: Target temperature management (TTM) improves neurological outcomes for comatose survivors of out-of-hospital cardiac arrest. We compared the efficacy and safety of a gel pad cooling device (GP) and a water blanket (WB) during TTM.
INTRODUCTION
Out-of-hospital cardiac arrest has a low survival rate, ranging from 5% to 35%, and anoxic brain injury affects the morbidity and mortality of surviving patients [1, 2] . A large randomized controlled study showed that target temperature management (TTM) improves the neurologic outcomes for comatose cardiac arrest survivors [3, 4] . The American Heart Association's (AHA) recent guidelines recommend TTM as part of post-resuscitation care [5] . To achieve a safe and adequate therapeutic effect, clinicians should consider which technique is most appropriate [6] [7] [8] [9] [10] [11] [12] . Animal studies have shown that it is important to rapidly induce target temperature immediately after return of spontaneous circulation (ROSC) and general stability [13, 14] .
TTM techniques can be invasive or noninvasive. Insertion of an endovascular catheter is an example of an invasive technique to induce hypothermia. An endovascular catheter can lower the body temperature faster than surface cooling methods, but its invasiveness can cause other side effects, and it is more inconvenient. Therefore, surface cooling methods are more commonly used [12, 15] . Water blankets (WBs) and commercial gel pad cooling devices (GPs) are both surface applications, but they differ in several technical aspects. The WB is a plastic blanket containing circulating water; these are widely available in many hospitals in Korea. A GP, such as Arctic Sun (C. R. BARD Inc., Seoul, Korea), is a hydrogel-coated pad that circulates temperature-controlled water under negative pressure and adheres to the patient's abdomen, back, and thighs.
A previous study showed that a GP may be more effective for rapid induction and stable maintenance compared with a WB [16] . Currently in Korea, GPs are more frequently used than WBs for cooling [15] . However, WBs are still used in situations where a GP is not available or for economically disadvantaged patients. To date, no study has compared the safety and efficacy of GP and WB in South Korea. Consequently, there are no reliable data indicating which method is best for TTM. Herein, we compared GP and WB according to their ability to achieve rapid induction (efficacy) and stable maintenance (safety) in patients treated with TTM for post-resuscitation care.
MATERIALS AND METHODS
This was a retrospective observational study performed in one tertiary hospital's emergency intensive care unit (ICU), from January 2010 to May 2012. We collected and analyzed retrospective data from the electronic medical records of cardiac arrest survivors who were admitted to the ICU. We excluded pediatric patients (age < 18 years), traumatic cardiac arrest patients, and patients who could not complete 24 hours of TTM (due to bleeding, transfer to another ICU, or death within 24 hours of ROSC). This study was approved by Seoul National University Hospital's Institutional Review Board (IRB No. 1212-088-450) and informed consent was waived.
Post-cardiac-arrest care was treated according to the 2010 AHA guidelines. During the study period, patients who sur-
KEY MESSAGES
■ A gel pad cooling device provided faster induction and strict maintenance of therapeutic hypothermia than a water blanket. ■ Patients treated with a water blanket experienced overcooling more frequently.
vived after cardiac arrest were admitted to the emergency ICU within 30 minutes after ROSC. Our post-cardiac arrest treatment protocol consisted of (1) adequate mechanical ventilation (PaCO2, <40±5 mmHg) and oxygenation (SaO2, 93%-98%), (2) early goal-directed hemodynamic optimization within 6 hours, (3) TTM, and (4) early percutaneous coronary intervention for high-risk patients. Comatose survivors of cardiac arrest who were indicated for TTM went through rapid cooling induction. When core body temperature reached < 34°C, the temperature was maintained between 32°C and 34°C for 24 hours. After this maintenance period, the body temperature was increased, beginning at a speed of 0.25°C/hr-0.5°C/hr. Our institution's protocol for sedation during TTM involved an initial bolus injection of midazolam and vecuronium, followed by continuous infusion of both drugs. We treated patients with an Arctic Sun GP when it was available and when the patient's family approved its use; otherwise, we used a WB (Cincinnati Sub-Zero Blanketrol II) for TTM. The WB that we used had an auto-feedback regulation system to maintain the patient's body temperature at a set point.
Data included age, sex, arrest location (in or out of hospital), initial electrocardiography rhythm, initial body temperature at TTM onset, Acute Physiology and Chronic Health Evaluation (APACHE) II score at ICU admission, survival discharge rate, and neurologic outcome on day 28. We used the cerebral performance category (CPC) as our neurological outcome measure. Ranks of CPC 1 and 2 were indicated as good neurologic outcomes. Body temperature was monitored using a rectal thermometer. After reaching target body temperature, the temperature farthest from 33°C was selected. Any selected temperature that fell outside the 32°C-34°C range was regarded as a deviation. Efficacy was evaluated based on the length of time between the start of induction and the time when target body temperature was achieved. Safety was evaluated based on the frequency of deviations and the degree of deviation from 33°C during the maintenance period.
Statistics
Categorical outcomes are expressed as frequencies and per-centages, and continuous variables are expressed as means and standard deviations or means and 95% confidence intervals. We used chi-square tests and Fisher exact test to compare categorical outcomes. For continuous variables, after confirming normality with the Shapiro-Wilks test, we used Student t-test for comparisons. We used the Wilcoxon ranksum test for non-normally distributed data. Times from the beginning of induction to target temperature below 34°C are shown as Kaplan-Meier curves, and we compared the two groups using the log-rank test. To analyze the degree of deviation from 33°C and show how individual patients' body temperatures changed, we used generalized estimating equations. We used STATA version 10.1 for all our statistical analyses, and a P-value < 0.05 was considered statistically significant.
RESULTS
We retrospectively analyzed data from 53 patients who achieved ROSC after cardiopulmonary resuscitation and who were treated with TTM. Thirty patients were treated with WB, and 23 patients were treated with GP. Demographic data and factors associated with resuscitation did not differ between the two groups. Patients were more frequently discharged alive in the GP group (GP, 73.9% vs. WB, 43.3%; P = 0.026). The percentage of patients with good neurologic outcomes was not different between the two groups (GP, 26.1% vs. WB, 16.7%; P = 0.402) ( Table 1 ). There was no difference between two groups regard- WB, 233.4 minutes; P = 0.056) was shorter in the GP group, but not significantly so. The proportion of patients who reached the target temperature (≤ 34°C) within 4 hours from the start of cooling was not different (GP, 87.0% vs. WB, 63.3%; P = 0.053) between the two groups. The proportion of patients who reached the target temperature every minute is expressed as a Kaplan-Meier curve, which showed that the GP group reached the target temperature more rapidly than the WB group (Figure 1) . The total maintenance duration (GP, 22.7 hours vs. WB, 21.6 hours; P=0.091) was not different between the two groups. However, deviations from maintenance (GP, 2.0% vs. WB, 23.7%; P < 0.001) were more frequently observed in the WB group. Most deviations in the WB group (119/156, 76.3%) were hypothermic events (< 32°C) (Figure 2 ). However, all deviations in the GP group were hyperthermic events (> 34°C). The mean absolute temperature difference from 33°C during the maintenance period was 0.19°C (95% CI, 0.17°C to 0.21°C) in the GP group and 0.76°C (95% CI, 0.71°C to 0.80°C) in the WB group. Generalized estimating equations revealed that the GP reduced the difference value from 33°C to 0.59°C (95% CI, 0.44°C to 0.75°C; P < 0.001) compared with the WB (Figure 3 ).
DISCUSSION
Although the number of patients who reached the target temperature within 4 hours of the start of cooling was not statistically different between the two groups (GP, 87.0% vs. WB, 63.3%; P = 0.053), the proportion who achieved the target temperature, according to Kaplan-Meier analysis, was significantly different (P = 0.036). This result is consistent with a previous randomized clinical trial that compared GP and WB [16] . The deviation period during maintenance was significantly longer in WB patients compared with GP patients. Furthermore, generalized estimating equations showed that GP significantly reduced the absolute difference from target temperature (33°C) by 0.59°C compared with WB. Consequently, GP prevented the body temperature from going beyond the therapeutic range, especially overcooling. Recent guidelines recommend selecting and maintaining a constant temperature between 32°C and 36°C [5] .
There was no difference in neurological prognosis on day 28 between the WB and GP groups, but the survival discharge rate was higher in the GP group than that in the WB group. This retrospective observational study aimed to compare the speed of cooling and the stability the target temperature between the two surface cooling methods. There may have been a selection bias that influenced the differences we saw in survival discharge rates. Therefore, this small sample study cannot offer reliable guidelines for clinical use of specific cooling methods. A previous randomized controlled trial found no difference in survival discharge rates [16] , and there are no other randomized clinical trials that show an enhanced benefit of GP. However, we think both tools are appropriate for use in TTM. Clinicians should choose which tool is best based on individual patient factors, resource availability, and cost.
A recent study by Coppler et al. [15] reported that GP was used in 14 (58%) of 24 hospitals in Korea, while WB was used in 17%. The national utilization rate was higher than that in our single-center study because our study analyzed data from 2010 to 2012. During the study period, the TTM protocol remained unchanged. GP was not available in our hospital until March 2011; prior to that, only WB was used for TTM. After 
